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(54) A method for separating and purifying a nucleic acid 



(S"?) An object of tiie present invention is to provide 
a method for separating and purifying a nucleic acid by 
■adsorbing the nucleic acid In a test sample to a surface 
of a solid phase and desortiing the nucleic acid by wash- . 
ing and tiie like. The present invention provides a nrieth- 
od for separating and purifying a nudeic acid havirig a 
predetefmined length from a nucleic acid mixture, com- 



prising a step of: adsorbing anddesorbing a nucleic acid 
in tne nucleic acid mixture containing nucleic acids hav- 
ing different lengths to and frotn a solid pfiase of an or- 
ganic macromotecuie having a rtydraxyl group on sur- 
face thereof. 
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s [0001] The present Invenlion relates to a method of separating and purftying a liucleic acid, More specttipally, the 
present invention relates to a method of separating and purifying a nucleic acid having a predeterniined length from a 
nucleic acid mixture containing nucl«c acids having different lengths, 

Background Art 

10 

[0002] The riudeic acid is used in various fields in various forms. For example, in the fieild of resoombinant nucleic 
acid technology, tfie nucleic acid is required to be used in the fomi of a probe, a genomlc nuclelc acid, and a plasmid 
nuclGic acid'. 

[0003] In diagnostic field, the nucleic acid is also usod in various methods. For example, a nucleic acid probe is 
IS normally used in detection aiid diagnosis of a human pathogen, Similarly, the nucieie acid is used in detection of genetic 
disordere. The nucleic acid is also used in detection of a food contamination substance. In addition, the nucleic acid 
is normatly used in positioning, identification and Isolation of an interesting nucleic acid by various reasons such as 
preparation of a gena map, clonmg and expression of recombinant, 

[0004] In many cases, the nucleic acid can be obtained in a very small amount, and a complicated and time-con- 
sunning operation Is required for Isolation and purification. This frequently time-consuming and complicated operation 
is easy to cause a loss of the nucleic acid. In purification of the nucleic ac|d obtained from serum, urine and bacterial 
culture, rislts isuch as occurrence of contamination and pseudoposhlve result are fiddsd. 

[0005] One of wetl known purification methods is exemplified by purification by adsoiptipn of the nucleic acld to the 
surface of silicon dioKide, silica polymer or magnesium silicate followed by operations such as washing and desortilng 
2s (Japanese Examined Patent Application Publication No. 19SS-51065.) This method is excellent In separation perfomi-. 
ance, however, there are problems that {1) it is difficult to industrially produce the adsorption medium of a comparable 
perfomnancein a large scale, (2) the handling of the medium is inconvenient, and (3) it isdifficultto process the medium 
in various shapes. '. ' 

30 Summary of the Invention . . -, 

[DOOS] An object of the present invention is- to provide a method for separating and putlf^ng a nucteic add by ad- 
scHDIng the nucleicacld In a test sample to a surface of a solid priiase and desorbing the n'udeic add by washing and 
the like. Another object of the present invention Is to provide a method for separating and purifying the nucleic acid by 
35 ' using a solid phase which is excellent in separ'ation performance and washing efficiency, can be easily processed, and 
can be mass-produced for those having substantially the same separation perfomianoe. A further object of the present 
invention Is to provide. a method for separating and purifying a nucleic acid having a predetermined length from a 
■nudeic acid mixture containing nucleic acids having different lengths. 

[0007] The present inventors intensively studied to solve the above described objects. As a result, they have found 
40 that, In a method for separating and purifying a nucleic acid comprising steps of adsorbing and desorblng the nucleic 
acid to and from a solid phase, the nudeic add having a ptedetermined length can be asparated from the nucleic acid 
miKture containing nucleic acicjB having different lengtl^8 by tising an organic macromoleculs having a hydroxyl group 
on surface thereof as the solid phase and also using an unitfor separation and purification of nuclebacidwhich contains 
the solid phase In a container having two openings. The invention has been compieted on Qie basis of these findings. 
« [0008] According to the present invention, there Is provided a method for separalSfig and purifying a nucleic acid 
having a predeteniiined length from a nucleic acid mixture, comprising a step of: 

adsorUng and desorblng a nucleic acid in the nucleic acid mixture oont^ning nucleic acids having different lengthe 
to and f mm a solid phase of an organic macromolecule having a hydroxyl group on surface thereof. 

50 • . 

[PGH}9] Preferably, the organic macrDmolecule having a hydroxyl group on surface thereof is surface-saponified aoe^ 
tylcellulose. More preferably, the organic maciiamoleciile having a hydroxyl groups on sulace thereof ts surface-sa- 
. ponified triacetylcellulose, 

[0010] Preferably, the surface-saponification rate of acetylcellulose is 5% or higher, more preferably 1 0% or higher. 
55 [0011] Preferably, acetylcellulose is a porous film or a non-porous film. 

[001 2] Preferably, a porous film of a surface-saponified acetylcellulose is used as the solid phase, and a nuclec acid 
having a predetermined length is separated ^d purified by selecting a surface-saponification rate of acetylcellulose 
and a pore size of the porous film, . 
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10013] More prefereibiy, the surfacs'saponlflcatlon rate of acetylcellulosQ is 10 to 100% and the pore size of the 

porous film is 0.1 nm to 10 [im. 

[0014] Preferably, acetylcelluiose is coated on beads, 

[0015] Preferably, the nucleic acid in a sample solution containing nucleic acids having different lengths te adsorbed 
to and desorted from the solid phase of organic macromolecule having a hydroxyl group ori surface thereof. 
[0016] Preferably, the sample solution is a solution prepared by adding a water-soluble organic solvent to a solution 
obtained by treating a cell- or virye-contairting test sample with a nucleic acid-solubilizlng reagent. . 
[0017] Preferably, the nucteib acjd-soliibilizing reagent is a guanidine sadt, a surfactant and a proteolytic emzyme. 
[0.018] Preferably, The nfwthod according to the present hvention comprises steps of: 

adsorbing the nucleic acid to the solid phase of ttie organic macromolecule having a hydroxyl group on surface 
therebf; ' ' ■ , 

washing the solid phase using a nudeic acid-washing buffer; and 

desorbing the nucleic acid adsorbed to tha solid phase by using a liquid capable of deeorbing the nucleic acid 
adsorbed to the solid phase. 

[0019] Preferably, the nucleic acid-washing buffer (s a solution containing 20 to 1 00 % by weight of methanol, ethanoi, 

■ isopropanol or n-propanol. 

[0020] Preferably the liquid capable of desorbing ttie nucleic acid adsorbed to tha solid phase Is a solution having 
a salt concentration of 0.6 M or lower, 

[0021] Preferably, adsorption and desorption of the nucleic acid Is carried out by using an unit for separation and 
purification, of nucieic acid in wiiich a container having at least two openings contains the solid phase of the organic 
macronnolecute having a hydroxyl group on surface tliereof. 

[0022] More preferably, adsorption and desorption of the nucleic acid is carried out by using an unit for separation 
and purification of nucleic acid which comprises (a) a solid phase of the organic macromolecule having a hydroxyl 
group on surface thereof, (b) a container having at ieasttwo openings and containing thesolid phase, and (c) a pressure ' 
difference-generating apparatus connected to one opening of the container. 
[0023] The method according to the present invsttion may be carried out by steps of: 

(a) preparing a sample solution containing a nucleic acid by using a test sample and inserting one opening of an 
unit for separation and purification of nucleic acid into said sample solution containing the nucleic acid; 
■(b) SLcKingrthe sample solution containing the nudeic acid by making an inside of the container in a reduced 
pressure condition by using the pressure difference-generating apparatus connected to the other opening of the 
unitfor separation and purlflcatlon of nudeic acld. artd contacting the sample solution to a solid phase of ttie organic 
macromoleeule having a hydroxyl group on surface thei^of; 

(c) ttialcing the inside of the container in a pressurized cbndltion by uang the pressure difference-generating ap- 
paratus connected to the other opening of ttie unit for separation and purification of nucleic add, and discharging 
the sample solution containing the sucked nucleic acid to an outside of the cont^ner; 

(d) inserting one openlng.of the unit fpr eeparaition and purificalion of nucleio acid inlio the nucleic ecid-washinq 
buffer; , 
(6) sucking the nucleic acid-washing buffer by making ttie inside of the container in the reduced pressure condition 
by using the pressure difference-generating apparatus connected to the other opening of the unit for separation 
and purification of nucleic acid, and contacting the nucleic acid-washing buffer to the solid phase of the organic 
macromolecule having a hydroxy! group on surface thereof; 

(f) making the inside of the container In the pressurc-ed condition by using the pressure difference-generating 
apparatus connectedto the other opening of the unitfor separation and purification of nucleic acid, and discharging 
the sucked nuclefc add-washlng butler to tiie outside of ttie containen 

(gjinsertingoneopeningoftheunitforseparationandpurlflcationof nudeicacidiilDthellquidcapableofdesortMng 
the nucleic acid adsoibed to the solid pfiase of the organic macromolecule having a hydroxyl group on surface 
thereof; 

(h) maklngthetnsldeofthecontainer in the reducedpressure condition by using tHe pressure difference-generating 
apparatus connected to the other opening of the unitfor'separation and purification of nucleic acid, and sucking 
the liquid oapaWe of desorbing the nucleic acid adsoribed to the solid phase of the organic macromolecule having 
a hydroxyl group on surface thereof to contact the liquid to the solid phase; and 

(i) makirig the inside of the container in the pressurized condition by using the pressure difference-generating 
apparatus connected to the other opening of the unitfor separation aid purif cation of nucleic acid, and discharging 
the liquid capable of desorbing the nucleic acid adsorbed to the solid phase of the organic macrx)niolecuIe havii^ 
a. hydroxyl group on surface tiiere'of to the outside of the container. 
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[0024] Alternatively, the method accofdlng to the present invention may be carried out by steps of: 

. (a) preparing a sample solutton containing the nucleic acid using a test sample and injecting said sample solution 
containing the nucleic acid Into one opening of the unit for separation and puriTication of nucleic acid; 

(b) making the Inside. of the container in the pressurized condition by using the pressure difference-generating 
apparatus connected to said one opening of the unit for separation and purification of nucleic acid, and discharging 
the injected sample solution containing the nucleic acid from tlie other opening to contact the sample solution to 
the solid phase of the organic macromolecule having a hydroxyl gr6i4> on surface thisreof; 

(c) injecting the nualelo acid-washing buffer in1» said jDr»e opening of the unit for separation and purification of 
nuclsie acid; , 

(d) making the inside of the container In the pressurized condtion by using the pressure difference-generating 
. apparatus connected to said one opening ofths unitforseparation and purification of nucleic aoid, and diaeharging 

the injected nucleic acid-washing buffer from said other opening to contact the nucleic acid-washing buffer to the 
solid phase of the organic macrpmoiecule having a hydroxyl group on surface thereof; 

(e) injecting the liquid capable of deserting the nucleic acid adsorbed to the solid phase of.the organic macromoi- 
ecule having a hydroxyl group on surface thereof into said oine opening of the unit for separation and purification 

of nucleic acid; and 

(1) maklr^ the inside of the container in the pressurized condition by using the pressure difference-generating 
^paratus cpnnected to said one opening of the unit for separation^d purification of nucleic acid,,and discharging 
the liquid capable of desorbing the injected nucleic acid from said other opening, so as to desorb the nucleic acid 
adsotted to the solid phase of the. oiganic macrwnolBcule having a hydroxyl group on surface thereof and dis- 
charge the nucleic acid to the outside of the container 

Brief Description of the Drawiigs 

I0025J 

Fig. 1 shows a conceptual diagram of a unitforseparation and purifieation of. nucleic acid according to the present 
invention; 

Fig. 2 is an example of the unit tor separation and purification of nudelc.acid according to the present invention, 
wherein the pressure difference-generating apparatus to be connected to the opening 21 is notlliustrated.ln Fig. 
2, 1 denotes a container. 1 o denotes a main body, 101 denotes an opening, 1 02 denotes a bottom face, .103 
denotes a franne, 1 04 denotes a wall, 105 denotes astep, 121 denotes a space, 122 deiotes a space, liss denotes 
a space, 13 denotes a pressing member, 131 denotes a hole, 132 denotes a pmjecfldn, 20 denotes a lid, 21 
denotes an opening, and 30 denotes a solid phase; 

Fig. 3 is a schematic diagram of a caftridge for purificaUon of nucleic acid used in the Example; 

Fig. 4showa the result of quantification of a collected amount of the nucleic acid which was separated and purified 

according to the method of the present Invention; and 

Fig. 5 shows the result of purification of a low molecular weight nucleic acid and a high molecular weight nucleic 
acid from a hueleie acid mixture according to the method of the present invention. 

Detailed Description of the Invention 

[0026] Embodiments of the present invention will be explained below. . 

[00271 The mettnod for separating and purifying a nucleic add according to thepresent invention relates to a method 
of separating and purifying a nucleic acid having a predetermined length from a nucleic acid mixture containing nucleic 
acids having different lengths, which is characterized in that the method comprises steps of adsorbing and desorbing 
the nucleic acid in the nucleic acid mixture which contains nucleic acids having different lengths to and from a solid 
phase of an organic macromolecule having a hydroxyl group on surface thereof. 

[0028] The term "nucleic acid" in the invention may be a single strand or double strand, and has no limitation of a 
molecular weight. 

[D029] The teim "nucleic acid mixture" means a mixture containing a plurattly of nucleic acid species haying different 
lengths. The type of length of the nucleic acid in the nucleic acid mixture may not be tlmlted, and may be two orniore. 
The upper limit of the length is not particularly limited. TTie lengths of individual nucleic acids are also not particularly 
limited, and nucleic acids having any length ranging from several bp's to several Mbp's can be used. In view of handling, 
the length of nucleic acids is generally from several bp's to several hundred kbp's. 

[0030] As the organic macromolecule having a hydroxyl group on surface thereof, surface-saponified acetyl cellulose 
is preferable. Acetyl cellulose may be any one of monoacetyl cellulose, diacetyl cellulose and triacetyl cellulose. Par- 
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trcularly, triacstyl cellulose Is preferable. In the present invention, |t. is preferable to use surface-saponified acetyl cel- 
lulose as the solid phase. The surface saponification means that only surface to which a saponifying agent (e. g., 
NaOH) contacts, Is saponified. In the present invention, It is preferable that a structural body of the solid phase is kept ' 
as acetyl cellulose and only the surface of the solid phase is saponified. In this way, an amount of hydroxyl groups 
s (density) on the surface of the solid phase can be controlled according to degree of surface saponification treatment 
(surface saponification degree). 

[0031] In order to Increase surface area of the organic macromolecule having a hydroxyl group on the surface, it is 
preferable to form ttie organic macromolecule having a hydroxy! group on the surface into a membrane. Further, acetyl 
cellulose may be a porous membrane or a non-porous membrane. However, the porous membrane is more preferable. 

10 In the case where the solid phase is a porous membrane, It is preferable that the structural body of the membrane 
remains as acetyl cellulose and only the siHface of the structural body is saponified. In this way, on the basis of the 
degree of surface saponificatibn treatment {surface saponification degre^ x the pore size, spatial amount of hydroxyl 
groups (density) can be controlled. Meanwhile, the structural body of the membrane is composed of acetyl cellulose 
and thus, a rigid solid phase can be obtained. Here, that the surface of acetyl cellulose is saponified and hydro)(yI ' 

fS groups are irifroduced to the surface only, means that the structural body is kept as acetyl cellulose and the surface Is 
converted to cellulose. When cellulose is used as a raw material, sincecellulose cannot be used in liquid, the porous 
membrane and a flat membrane can not be manufactured industrially. 

[0032] For example, the membrane of triacetyl cellulose is marketed as a commercial name TAG base from Fuji 
Photo Film K-K. As the porous membrane of triacetyl celiubse, there is Microfilter FM500 (Fuji Photo Film K.K.). 
20 [0033] In addition, for example, it is also preferable to fonn the triacetyl cellulose membrane on the surface of poly- 
ethylene-made beads followed by surface-sappniiication to give hydroxyl groups to the surface, in this case, triacetyl 
cellulose Is coated on the beads. Material of the beads may beany material which does not contaminate nucleic acids, 
and is not limited to polyethylene. 

[0034] In order to increase efliciency of separation of nucleic acid, it is preferred to increase the number of hydroxyl 
^ groups , Forexample, in the case of acetyl cellulose such as triacetyl cellulose, abDut5% orhigherofthe rateof surface 
saponification is preferable, and 1 0% or higher is more preferable. 

[0035] For the surface saponification of acetyl cellulose, an object to be surfaca-saponified is dipped in an aqueous 
solution of sodium hydroxide. In order to change the surface sapon if icatisn rate, the concentration of sodium hydroxide 
can be changed. The surface saponification rate is dete'mined by quantifying a remaining acetyl group by NUR 

30 [0036] According to a preferable embodiment of the present invention, a porous membrane of the surface-saponified 
product of acetyl cellulose is used as the solid phase, and the surface saponification rate of acetyl cellulose and the 
pore size of tte porous membrane are selected to separate and purify the nucleic acid having a predetermined length. 
Tlie surface saponification rate of acetyl cellulose is preferably 10 to 100%, more preferably 20 to 100%, further pref- 
erably 30 to 10.0%, and particulariy preferably 40 to 100%. By preparing a plurality of the porous membrane having a 

35 surface saponification rate within these ranges, a nucleic acid can be separated and purified according to the present 
Invention, The pore size of the porous membrane is preferably 0.1 jim to 10 nm, more preferably 0,1 lun to 5 jim, 
further preferably 0.2 |im to 5 pm, and particularly preferably from 0.2 pmn to 3 ym. By preparing a plurality of the porous 
membrane having a pore size within these ranges, a nucleic acid can be separated and purified according to the present 
Invention. 

'fo [0037] For example, in the Examples in the present specificatl<»i where a low molecular weight DNA (1 .3 kb) and a 
high molecular weight DNA (48 kb) were i^d, both the low molecular waght DNA {79% recovery rate) and the high 
molecularweight DNA{99% reoovery rate) were recovered In high rates by using atriacelyl cellulose porous membrane 
having 1 00% of surface-saponification rate and 0.2 pm of pore size. In th6 case where the triacetyl cellulose porous 
membrane having 50% of surface-saponification rate and 0.2 ^m of Rore sIZiswas uised, the recovery rate of the low 

45 molecular weight DNA was very low (recovery rate 6%), and the recovery rate of the high molecular weight DMA was 
relatively (recovery rate 54%). Moreover, in the case where the triacetyl cellulose porous membrane having 100% of 
surface-saponification rate and 2.5 p.m of pore size was used, the recovery rate of the low molecularweight DNA was 
relatively low (recovery rate 1 8%), and the recovery rate of the high molecular weight DNA was considerably high 
(recovery rate 78%). 

so [0D3B] Therefore, by collecting an adsorbed DNA by using a triacetyl cellulose porous membrane having 50% of 
surface-saponification rate and 0.2 urn of pore size, a high molecular weight DNA can be purified. On the other hand, 
a low molecularweight DNA can be purified by collecting the liquid containing DNA that was not adsorbed to the solid 
phase by using the triacetyl cellulose porous membrane having 100% of surface-saponification rate and 2.5 fim of 
pore size,follDwed by contactingthe collected iiquidtothetriacetyl cellulose porous membranehaving 100% of surface- 

S5 saponification rate and 0.2 nm Of pore Size. 

[0039] The examples described above are based on an experimental system using a low molecular weight DNA of 
1 .3 kb and a high molecular weght DNA of 48 Md, According to flie invention: for nucleic acids of various sizes contained 
in a nucleic acid mixture used as a sample, the nucleic acid having a desired size can be purTied from the mixture by 
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measuring . the recovery rate of each nucleic acid using the acetyl cellulose porous membrane having various surface- 
sapdrtification rates and various pore sizes and selecting the surface-saponification rate arid the pore size optimal to 
purification of the nucleic acid of the desired size. 

[0040] (Wore specifically, the Invention provides a method of separating and purifying a relatively long nucleic acid 
(e, g., 1 0 i<b, or nrrore preferably 30 kb or longer) from the nucleic acid mixture containing nucleic acids having different 
lengths by using a membrane of a low surface-saponification rate (e.g;. 60% or lower of surface-aaponif ication rate). 
Furthermore, according to the invention, by using a porous membrane having a low surface-Baponification rate (e g., 
50% or lower of surface-saponification rate) In combination with a porous membrane having a high surfaos-saponifl- 
cation rate (e.g., higher than 50% of surface-saponification rate, e.g.,1dO% of surface-saponification rate), thsr« is 
provided a methodforseparallng and purifying a relatively, short (e. g., 10 kb or shorter, more preferably2 kb or shorter) 
nucleic add from the nucleic acid mixture.which contains nucleic acids having different lengths. . 
[0041] In the method for separating and purifying a nucleic acid according to the present invention, adsorptidn and 
desorption of the nucleic acid can be preferably conducted by using an unit for separation and purification of nucleic 
acid in which a container having at least two openings contains the solid phase of the organic macromoiecule having 
a hydroxyl group on the surface! 

[D042] Further preferably, adsorption and desorption of the nucleic add can be conducted by using an unit for sep- 
aration and purification of nucleic acid comprising (a) a solid phase of an organic macromoiecule having a hydroxyl 
group on the surface, (b) a container having at least tm openings and cont^nlng the solid phase, and (c) a pressure 
difference-generating apparatus connected to one opening of the cpntainer. 

[0043] In this case, a first embodiment of the method for sepanaBng and purifying s nucleic apid according to the 
invention car comprise the following steps of: 

■ (a) preparing a sample solution containing a nucleic acid by using a test sample and inserting one opening of an 
unit for separation and purification of nucleic acid into said sample solution containing the nucleic acid; 

(b) sucking the sample solution containing the nucleic acid by making an inside of the container in a° reduced 
pressure condition by using the pressure difference-generating apparatus connected to the other opening of the 
unltforseparationand purification of nucleic acid, and contacting thesamplesolution to asolid phase of the organic 
macromoiecule having a hydfoxyl group on surface thereof; 

(c) making the Inside pf the container in a presisurbed condition by using the pressure difference-generating ap- 
paratus connected to the other opening of ttie unit for separation and purification of nucleic acid, and discharging 
the sample solutioh containing the sucked nucleic acid to an outside of the container; 

(d) inserting one opening of the unit fbr separation and purification of nuctefc acid into the nucleic acid-washing 
.buffer; 

(e) sucking the nucleic acid washing buffer by making the inside of the container Inthe reduced pressure condition 
by using the pressure, difference generating apparatus connected to the other opening of the unit for separation 
and purification of nucleic acid, and contacting the nucleic acid-washing bufferto the solid phase of the organic 
macromoiecule having a hydroxyl group on surface thereof; 

(f) making the inside of the container in the pressurized condition by using the pressure difference-generating 
apparatus connected to the other opening of the unitibr separation and purification of nuoienaoid, arid discharging 
the sucked nucleic aold-waehfng buffer to the outside of aie containen 

(g) inserting one opening of the unit for separation and purfflcation of nucleic acid into the liquid capable of desorbing 
the nucleic acid adsorbed to the solid phase' of the organc macromoiecule having a hydroxyl group on surface 
thereof; 

(h) makingthe inside of thecontainerinthereducedpressurecondition by usirgthepressure difference-generating 
apparatus connected to the other opening of the unit for separation and purification Of nucleic acid, and sucking 
the liquid capable of desorbing the nucleic acid adsorbed to the solid phase of the organic matsromolecule having 
a hydroxyl gro'up on surface thereof to contact the liquid to the solid phase; and 

(i) making the inside of ttie container in the pressurized condition by using the pressure difference-generating 
apparatus connectedto the other opening of the unit for separation and purification of nuclec acid, and discharging 
the liquid capable of desoii>ing the nucleic acid adsorbed to the solid phase of the otganb mac^molecule having 
a hydroxyl group on surface thereof to the outside of the coritainer. 

[0044] A second embodiment of the method for separating and purifying a riucleic acid according to the invention 
can comprise the following steps of; 

(a) preparing a sample solution containing the nucleic acid using a test sample and injecting said sample solution 
containing the nucleic acid into one opening of the unit for separation and purification of nucleic acid; 

(b) making the inside of the container in the pressurized condition by using the pressure difference-generating 
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apparatus connected to said one opening of the unit for separation and purification of nucleic acid, and discharging 
the injected sample solution containing the nucielc acid from the other opening to contact the sample solution to 
the solid phase of the organic macromolecule having a hydroxy! group on surface thereof; 

(c) injecting the nucleic acid-washing buffer into said one opening of the unit for separation and purification of 
nucleic acid; 

(d) making the inside of the container in the pressurized condition by using the pressure difference-generating 
apparatus connected to said one opening of the unit for separation and purincation of nucleic acid, and discharging 
the injected nucleic apd-washing buffer from said other opening to contact the nucleic acid-washing buffer to the 
solid phase of the organic macromolecule having e hydroisyl group on surface thereof; 

(a) injecting the liquid capable of desorbing the nucleic acid adsorbed to the solid phase of the organic macromol- 
scule having a hydroxyl group on surface thereof into said one opening of the unit for separation and purification 
Of nucielc acid; and ' . 

(t) maldng the inside of the container in the pressurized condition by using the pressure difference-generating 
apparatus connectedto said one opening of the unitfor separation andpurification of nuefeic acid, and discharging 
. the Dquld capabte of desorbing the injected nucleic acid from said other opening, so as to desorb the nucleic acid 
adsorbed to the solid phase of the organic macromolecule having a hydroxyl gr^up on surface thereof and dis- 
charge the nudeic acid to the outside of the container. 

[004S] The method for separating and purifying a nucleic acid by using the organic macromolecule having a hydroxyl 
group on the surface, will be described in detail below. Preferably in the present Invention, the nucleic acid inthe sample 
solution is adsorbed to the soiid phase by contacting the sample solution containing the nucleic acid to the solid phase 
of the organic macromolecule having a hydroxyl group on surface thereof, and then the nucleic acid adsoitted to the 
solid phase is desorbed from the solid phase by using a suitable solution described below. More preferably, the sample 
solution containing the nucleic acid is a solution which is obtained by adding a water-soluble organic solvent to a 
solution obtained by treating a celt- or virus containing test sample with a solution capable of solubilizing a cell mem- 
brane and a nuclear menlbrane to disperse the nucleic acid into the solution. 

[0046] The sample solution containing the nucleic acid which can be used in the present invention is not limited, but 
for example, In diagnostic fields, the subject solufions are the body fluid such as whole blood, serum, plasma, urine, 
stool, sperm and saliva whkdi were colleetBd as a test sample, or solutions prepared from biological materials such as 
plant (or a portion thereoO and animal (or a portion thereof) , or their dissolved matters and homogenates. 
[0047] First, these test samples are treated vinth an aqueous solution containing a reagent capably of lysing the cell 
membrane andsolubllizing the nucleic acid. By this treatment, ihecell membrane and the nucloarmembrane are lysed, 
and the nucleic acid Is dispersed Into the aqueous soluflon. ' 
[0048] For lysjng the cell membrane and soiubillzing the nucleic add, for example, when the subject sample is whole 
blood, necessary steps are (1) removing eiythrocytes, (2) removing various proteins, and (3) lysing leukocytes and 
lysing the nucloarmembrane. (1) Removing erythrocytes and [2) removing various proteins are required to prevent 
non-specific adsorption to the.solid phase and clogging of the porous membrane, and <3) lysing leukocytes and lysing 
the nuclear membrane is required to aolubilizethe nucleic; acid which is an object of extraction. Particularly, (3) lysing 
leukocytes and lyeing the nuclear membrane is an Important step. In the method of the present Invention, it is necessary 
to solubilize the nucleic add in this step. For example, by Incubating the sample for 10 minutes at BO'C under the 
condition in which guanidine hydrochloride, Triton X100, and protease K (Sigma made) are added, the above-men- 
tioned (1 ), (2) arid (3) can be achieved simultaneously. 

[0049] The reagent for solubilizing the nucleic acidwhieh is ueedin thepresent invention is exemplified by the solution 
containing the guanidine salt, a surfactant and a protease. 

[0050] The guanidine salt is preferably guanicnne hydrochloride, but other guanidine salts (guanidine isothiocyanate 
and guanidine thiocyanate) can also be used. The concentration of ■guanidine sails in the solution is 0.5 M to 6 M, 
preferably 1 M to 5 M. ■ 

. [0OB1] As the surfactant, Triton XI 00 can be used. Alternatively, an anionic surfactant such as SDS, sodium chelate 
and sodium satcoslnate, a nonlonlc surfactant such as Tween 20 and Megafac, and other various types of amphoteric 
surfactants, can also be used. In the present invention, the nonionic surfactant such as polyoxyethylene octylphenyl 
ether (Triton X1 00) is preferably used. The concentration of the surfectant in the sokjtlor is normally 0.05% by weight 
to 10% by weight, particularly preferably 0.1% by weight to 5% by weight. 

[0052] As the protease. Protease K can be used, but-qther proteases can also give sanne effect. The protease Is an 
enzyme and thus, incubation is preferable. The protease is preferably used at S7'C to 70''C, particuiarly preferably at 

sec to es-c, 

[0053] An aqueous organic solvent is added to the aqueous solution in which the n ucieic acid Is dispersed, to contact 
the nucleic acid to the organic macromolecule having a hydroxyl group on the isurface. By this operation, the nucleic 
acid in the sanple solution is adsorbed to the organic macromolecule having a hydroxyl grtjup on the surface. In order 
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to adsorb the nucleic acid which was solubllized by the operation as dascribed herelnabov.e to the solid phase of the 
organic macromolecule having a hydroxyl group on the surface., it is nGcessary that an aqueous organic solvent Is 
mixed with the solubilized nucleic acid mixture solution, and a salt is present In the obtained nucleic acid mixture 

solution.. 

5 [0054] By breaking a hydrating stnicture of a water molecuie present around the nucleic acid, the nucleic acid is 
solubllized In an unstable state. It is presumed ttiat when the nucleic acid In sut^ state is contacted to the solid phase 
of the organic macromolecuie having a hydroxyl group on the surface, a polar group on the surface Of the nucleic acid 
interacts to the polar group on the surface of the solid phase and the n'ucl^c acid ip adsorbed to the surface of the 
solid phase. In the method of the present invention, the state of the nucleic acid can become unstable by mixirig the 

10 aqueous organic solvent with the solubjilzed nucleic acid mixture solution and by the presence of the salt in the obtained 
mixture solution of the nucleic acid. 

[BOSS] The aqueous organic solvent used herein is exemplified by ethanol, isopropanol or propanol. Among them, 
ethanol is preferable. The concentration of the aqueous organic solvent is preferably 5% by weight to 90% by weight, 
and nriore preferably 20% by weight to 60% by waght. it Is particulariy preferableto make the concentration of ethanol 

15 to be added as high as possible in a degree jn which no coagulant occurs. 

[0056] As the sat present in the obtained mixture solution of the nucleic add, various ohaotropic substances (gua- 
hidium salt, sodium iodide, and sodium perchlorate). sodium chloride, potassium chloride, ammonium chloride, sodium 
bromide, potassium bromide, calcium hiiimids, ammonium bromide and the like are preferable. Particulariy, guanidium 
salt has both effects of lysis of cell membrane and solubilizatBn erf the nucleic acid, and therefore is particularly pref- 

20 erable. , . 

[0057] Subsequently, the organic macromolecuie having a hydroxyl group on the surface to which the nucleic acid 
is adsorbed, is contacted to the nucleic acid-washing butfersolution. This buffer solution has afunction of washing out 
impurities in the sample solution which are adsorbed to, the organic macromolecuie having a hydroxyl group on the 
surface together with the nucleic acid. Consequently, the solution should have a composition having no ability of des- 

ss orbing the nucleic acid from the organic macromolecuie hawng a hydroxyl group on the surface and an ability of des- 
orbing the impurities. The nuolac acid-washing buffer solution is an aqueous solution comprising a main agent, a buffer 
agent and nrfien required, a surfactant. The main agent is exemplified by an about 10 to 100% by weight (preferably 
about 20 to 100% by weight and more preferably about 40 to 80% by weight) aqueous solution of methanol, ethanol, 
isopropanol, n-propanol, butanol, acetone and the like. The buffer agent and the surfactant are exemplified by the 
. 30 previously described buffer agents and surfactants. Among them, a solution containing ethanol, Tris and Triton X100 
Is preferable. The preferable concentrations of Tris and Tntors X100 are 10 to 100 mM and 0.1 to 10% by weight, 
respectively. 

[0058] Then, to the solution capable of desorbing the nucleic acid adsorbed to the organic macromolecuie having a 
hydroxyl group on the surface thereof. Is contacted the washed organic macromolecuie having a hydroxyl group on 

3s the surface as described above. This solution contains the target nucleic add and hence. Is collected and subjected 
to amplification of the nucleic acid by following operation, e.g.. PCR QDdymerase chain reaction). It is preferable that 
the solution capable of desorbing the nucleic acid has a low salt concentration and particuiarly preferably, the solutlwi 
of 0.5 M or lower salt concentration is used. Forthis solution, purified distilled watei", TE buffer and the like can be used. 
[0059] The unit for separation and puriTicatipn of nucleic acid which is used in the invention is an unit for separatlCHi 

^ and purification of nucleic acid wherein the solid phase of the organic macromolecuie having a hydroxyl group on the 
surface is contained in the container having at least two openings, 

[0060] The materiatof theeontainerls notparticularly limited, so long as the organic macromolecuie having a ttydroxyi 
group on the surface is contained therein and at isast two openings can be provided. In view of easiness of manufac- 
turing, a plastic is preferable: For example, clear or opaque resins such as polystyrene, polymethacrylate ester, poly- 

45 . ethylene, polypropylene, polyester, nylon, or polyearbonatB are preferably used. 

[0061] Fig. 1 shows a conceptual diagram of the container. Basically, the container has a section for containing the 
solid phase, and the solid phase is contained said containing section. The solid phase does not move out of the con- 
taining section at the time of sucking and discharging the sample solutton and the like. A pressure dIfferBnce-gonerating 
apparatus, e. g., a syringe, is connected to the opening. For this purpose, it is preferable that the container is initially 

^ divided Into two sections, and after the solid phase is contained, these portions are Int^atsd. In addition, in order to 
prevent that the solid phase moves out of the containing section, a mesh made of the material which does not con- 
taminate DNA, can be placed on the top and the bottom of the soild phase, 

[0062] There is no limitation on the shape of the organic macromolecuie having a hydroxyl group on the surface 
which js contained in the container as described above. The shape may be any shape such as discx)id, squared, 
ss rectangular or ellipsoid; and in the membranie, cylindrical, roH, or beads coated with the organic majfomolecule having ■ 
8 hydroxyl group on the surface. In view of manufacturing suitability, the shape having symmetric property such as 
discoid, squared, cylindrbal and roil, and beads are Referable, 

[p063] The one opening of the container described above is inserted into the sample solution containing the nucleic 
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acid, and the sample solution is contacted to the organic macromolecule tiaving a hydroxyl group on tfie surface by 
sucking from thG other opening. Tlie sample solution is discharged, and then the nucleic acid-washing buffer solution 
is sucked and discharged. Then, the solution capable of dssorbing ttie nucleic acid adsoitaed to the organic macro- 
molecule having a hydroxy! group on the surface is sucl<ed and discharged. Tliis discharged solution is collected to 
s. obtain the target nucleic acid. 

[0064] Alternatively, by dipping the organic macronriolBCLile having a hydroxy! group on the surface in the sample 
solution containing the nucleic acid, the nucleic add-washing buffer solution, and the solution capable of desorbing 
the nucleic acid adsorbed to the organic macromolecule having a hydroxyl group on the surface, in this order, the target 
nucleic acid can be obtained. 

'0 [0065] The unit for separation and purification of nuclele acid used in the invention preferably comprises (a) a solid 
phase of the organic macromolecule having a hydroxyl groiip oh surface thereof, (b) a container containing the solid 
phase and having at least two openings, and (cj a pressure difference-generaUfng apparatus connected to one opening 
of the container. The unit for separation and purification of nucleic acid will be described below. 
[006S] The container is normally made ir a divided form of a main body wrtirch contains the solid phase of the organic 

15 macromolecule having a hydroxyl group on the sLrface,.and a lid. wherein each has at least one opening. The one is 
used asaninletandanoutletofthesamplesolutioncontainingthenucleicacid, the nucleic acid-washing buffersolutlon, 
a liquid capable of deeoiiiing the nucleic acid adsorbed :q the solid phase [hereinafter referred to as "sample solutiori 
and the like")' and the other is connected to the pressure difference-generating apparatus capable of making the inside 
of the container in a reduced pressure or pressurized state. There is no limitation of the shape of the main body. In 

20 order to make manufacture easy and also make entire diffusion of the sanple solution on the solid phase easy, it is 
preferable that the section is a circular shape. In order to prevent a cutting wastage of the solid, It is also preferable 
mat the section is a squared shape. 

[0067J It Is necessary to connect the lid to the main body so as to malce the Inside of the container in the reduced 
pressure state or the pressurized state by using the pressure difference-generating af^r^us. If this elate is accom- 
23 pushed, the method of connection can be selected freety. For example, use of an adhesive, screwing, fitting, securing, 
and fusing by ultrasonic heating, are exemplified. 

[0068] An internal volume of the container is determined only by an amount of Ihe sample solution to be treated. 
Normally it is expressed by the volume of the solid phase to be coiilainpd. It Is preferabfe to use a size suitable for 
containing 1 to 6 sheets of the solid phase haxring about 1 mm' or smaller (e. g., around SO to 500 \im) thickness and 
30 about 2 mm to.20 mm diameter 

[0069] It is pteferabie to make an end of the solid phase to contact closely to an inner wall face of the container to 
prevent the sample solution and the like from being passed. 

[0070] The bBttom surface of ttie solid phase that Is located oppositely to the opening used as the inlet of The sample 
solution and th«! like, Is not closely contacted to the inner wall of the container, and a space Is provided. Thereby, a 
35 structure suitalple for achieving diffusion of the sample solution and the like evenly as posisible on the entire surface of 
the solid phase, can be fonrjed. 

[0071 ] It is preferable to provide a member having a hole ir gererall/ a center thereof on the solid phase located 
oppositely to the other opening, i. e., the opening cor^nected to the pressure difference-generating apparatus. This 
member pushes the solid phase, and has an efficient effect of discharging the sample solution and the like. This member 

-» has preferably a shape having a slope such as a funnel or a cup in such a way that the liquid is collected in the center 
hole. The size of ttiis hole, an angle of the Slope, and the thickness of the member can be properly determined by those 
sjdlied in the art in consideration of the amount of the sampte solution and the like to be treated and the size of the 
containertor containing the solid phase. Between this member and the opening, aspace is preferably provided to store 
the overflowed sample solution and the like and prevent the sample solution from being sucked into the fw^essure 

45 difference-generating apparatus. The volume of this hole can be properly chosen by those skiiied in the art. In order 
tocoilect efficiently the nucleic acid, it is preferableto suck the sample solution containing the nucleic acid in an amount 
which is sufficient for dipping a whole of the solid phase. 

[0072] In order to preventthe sample solution and the like from being concentrated only beneath the opening through 
which sucking is carried out and to allow the sample solution and the like, to be passed through the solid phase, a 
so space Is preferably provided between the solW phas.e and this member For this purpose, it is preferable to provide a 
plurality of projection from the member to the solid phase. The size and number of the projection can be properly 
chosen by those skilled in the art. It Is prBforableto make an opening area of ttie solid phase as large as possible while 
keeping the space. 

[0073] When the container has 3 or more openings, in orderto make possible sucking and discharging the liquM by 
55 pressure-reducing and pressuring operatidns, itis needless tosay that an excess opening should be closedtemporarily. 
[0074] The pressure difference-generating af^aralus reduces atfirstthe pressure of the hside otthecontainerwhich 
contains- the solid phase, so as to suck the sample solution containing the nucleic ackJ. The pressure difference-gen- 
ersBng apparatus is exemplified by the syringe, pipetter, or a pump capable of sucking and pressurizing sudi as a 
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peristaltic pump. Among them, the syringe is suitable for manual operation and tiie pump is suitable for automatic 
operatb'n. The pipetter has an advantage of one hand operation. Preferably, the pressure difference-generating ap- 
paratus Is releasabty connected to the one opening of the container, 

[0075] Next, the purification method of the nucleic add using the unit for separation and purification of nucleic acid 
5 as described above, will be described, First of all, in the sample soiution containing the nucleic acid Is inserted one 
opening of the unit for separation and purification of nucie'c acid as described above, Then, by using the pressure 
difference-generating apparatus connecteid to the other opening, the pressure of the inside of the purifying unit is 
r9duced to suck the sample solution intothecontaiiner. By this operation, the sample solution is contacted to the solid 
phase so as to adsorb the nucleic add present in the sample solution to the solid phase. At this time, it is prefwable 
10 to suck the sample solutwh in such an amount that the solution can be conlaclBd to almost whole of the solid phase. 
However, sucking of the solution in the pressure difference-generating apparatus causes contamination of the appa- 
ratus and hence, the amount is appropriately adjusted. 

[0076] After an appropriate amount of t^s sample soiution is sucksd, the inside of the containor of the unit Is prss- 
surized by using the pressure differGnoe-generating apparatus, and the sucked liquid is discharged. No interval Is 

IS required for this.operation, and discharge may be carried out Immediately after sucking. 

[0077] Subsequently, the nucleic acid-washing buflfersolutlon is sucked Intpthe container and discharged from it by 
pressure-teducing and pressurizing operations as described above to wash the inside of the container. This solution 
has functions of washing out the sample solution left In the container and also wastiing oiU impurities in the sample 
solution adsorbed to the solid phase together with the nucleic add. Therefore, the solutkin must have a bon^osition 

so. having functions of dssorbing no nucleic add but impurities from the solid phase. The nudetc add-washing buffer 
sdutlon is an aqueous solution containing a main agent, a buffer agent and when required, a surfactant. The main 
agent is exemplified by about 1 0 to 90% (preferably about 50 to 90%) aqueous solution of methyl alcohol, ethyl alcohol, 
butyl alcohol, acetone and the like; and the iDulfer agent and the surfactant are exemplified by the previously described 
buffer agents and surfactants. Among them, a solution containing ethyl alcohol, Tris and Triton X1 00 is preferable. The 

25 preferable concentrati ons of Tris and Tritpn X 1 00 are 1 0 to 1 00 mM and 0.1 to 1 0%, respectively. 

[0078] Next, a solution capable of desorbing the nucleic acid adsorbed to the solid phase is introduced Into the inside 
of the container and discharged from the container by pressurs-reducing and pressurizing operations as described 
above. This discharged sdutlon contains the target nucleic acid and henoe, the target nucleic add can be collected to 
be subjected to amplincatlon.of the nucteic add by ^following operation, e.g.. PCR (polymerase.chain raadion). 

» [0079] Fig. 2 is a sectional view of an examjsfe of the unit for separation and purification of nucleic add according to 
the present invention, provided that no pressure difference-generating apparatus is lliusirated. A container 1 containing 
the solid phase comprises a main body 10 and a lid 20 and is made of clear polystyrene. The main body 10 contains 
saponified trlacetyi cellulose membrane as a solid phase 30. In addition. It has an opening 101 for sucking the sample 
solution and the like. A bottom face 1 02 extendlrig from the opening Is fonned In a funnel shape, and a space 121 Is 

3s formed between this and the solid phase 30. In order to support the solid phase 30 and hold the space 121, a frame 
103 which Is fomied with the bottom face 102, is provided. 

[0080] The main body has an inner diameter of 20.1 mm, a depth of 5.9 mnr>, and a length from the bottom face 1 02 
to the opening 101 of about 70 mm. The eolid phase 30 which is contained has a diameter of 20.0 mm. The thickness 
of one sheet of the solid phase Is about 50 to $00 1.UT1, and an ejcample of the thiokneas is 1 00 |xm. 
40 [0081] In Fig; 2, a funnel-shaped pressing member 13 is provided on the top of the solid phase. A hole 1 31 le made 
in a center of the pressing member 13, and a group of projections 132 are provided downward, and a spaco 122 Is 
formed between this and the solid phase 30. To prevent leaking of the sample soluBon and the like from a space 
between the solid phase 30 and a wall 104 of the main body 10, the inner diameter of the upper portion of the wail 104 
is larger than the diameter of the solid phase. The periphery of the pressing member 13 is mounted on a step 1 05. 
[0082] A JId 20 is connected to the main body 1 □ by ultrasonic heating. In almost central part of the lid 20 is provided 
an opening 21 for connecting the pressure difference-generating apparatus. Between the lid 20 and the pressing mem- 
ber 13 is provided a space 1 23 for holding the sample solution and the like which flow out from the hole 1 31 . A volume 
of the space 1 23 is about 0,1 mL. 

[0083] "Hie present invention will be described In more detail with reference to examples. However, the present 
'so Invention is not limited to these examples. 

Examples ' ■ , 

Example 1 

.55 

(1) Preparation of cartridge for purification of nucleic acid 

[0OB4] Acartridgeforpurfication of nucleic acid having a portion which has7mminnerdiameterand2mmthlcknj3SG 
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for containing a solid phase ior adsorption of a nuciete acid, was prepared by high impact poiystyrene. FtQ. 3 shows a 
structure of the prepared cartridge for purification of nucleic acid. This cartridge for purifiration of nucieic acid has an 
opening for sucking a sample, a portion for containing a nudeic acid-adsorbing sdild phase, and an opening for dis- 
charging the sample. A suctbn pump Is connected to the openhg for discharging the sample to suck the sample. 

(2) Preparation of solid phase for purification of nudeic acid 

[0065] Solid phases for purification of nucleic add as shown in table 1 ware prepared. For saponification, treatment 
was conducted by dipping triacetyl cellulose porous membranes (Fuji Photo Rim K.K.) having various pore sizes in 
0.1 N sodium hydroxide aqueous solution for 30 minutes in the case of 50% surface saponification, and in 2 N sodium 
hydroxide aqueous solution for 1 hour in the caseof 100%8Uifaoe saponfflcation. Each of the llius treated solid phases 
was contained in the portion for containing a nucleic aold-adsortjing solid phase, of the cartridge for purification of 
nucleic add which was prepared in the above (1). 



Table 1 



No, 


Pore size (pjrt) 


Surface s^oniflcation rate 


1 


0.2 


50% 


2 


0,4 


50% 


3 


1 


50% 


4 


2.5 


50% 


5 


0.2 


100% 


6 


0.4 


100% ■ 


7 


1 


100% 


8 


2.5 


100% 



(3) Preparation of adsorption buffer solution and washing btiffer solution for purification of nudeic acrd 

[0086] An adsorption buffer solunon and a washing buffer solution for purifbafion of nucleic acid, the compositions 
of wrtiidi are sfibwn in Table 2, were prepared. 



Table 2 



[adsorption buffer] 




GuanitSne hydrodiloride (Life Technology made) 
Tris (Life Technology made) 
Triton XI 00 (ICN made) 
Distilled water 


382 g 
12.1-9 
log 
1000 mL 


[washing buffer] 




10mMTris-HCI 65% ethanoi 





(4) Operation of nucleic acid purification ■ . 

[0087] An aqueous solution containing 1 .3 kbp DNA (50 ngfjiL) and an aqueous solution containing 48 kbp DNA (50 
ng/[iL) were prepared. To 200 \iL of each of the aqueous DNA solutions were added 200 jiL of the adsorption buffer 
and 200 jiL of ethanoi, and the mixture was sfirred. After stin-ing, each liquid was sucked and disctiargad by using 
cartridges for purif icatron of the nudeic add having the solid phase for purification of nucleic aod which were prepared 
fn the above (1) and (2). 

[0088] Moreover, Impurities on the cartridge and the adsoriaing solid phase were washed out by sud<lng and dls- 
diarging 600 \d. of the washirig buffer, 

[0089] Fina]ly,20p^Lbf distilled water was sucked to collect this liquid. 

(5) Quantification of the amount of oollected nucleic acid 

[0090] By measuring an qDticalabsorptitwi of each of the collected liquid at 250 nm, an amount of the oollectedDNAs 
was quafitified. The results are shown in Table 3, Table 4 and Fig. 4. 
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Table 3 





Amount Of addition 1 .3kbp DNA (10(Lg) 


5 




pore size (urn) 


coltection'amount (ugl 


collection rate 




surface-saponilic^ion 50% 


0.2 


0.6 


6% 






0.4 


0.4 


. 4% 






1 


O.B 


8% 


10 




2:5 


0.3 


3% 




suifacs-saponification 1 00% 


0.2 


8.0 


79% 






0.4 


4.2 


42% 


15 




1 


1.B 


18% 






,2.B 


IB 


18% 



Amount of addition 48kb[ 


>DIMA(10tig) 








pore size (^m) 


ooJIection amount iiiq) 


collection rate 


surface-sapohificatlon 50% 


0.2 


5:4 


54% 




0.4 


5.6 


56% 




1 


2.6 


26% 




2.5 


3.0 


30% 


suifacs-saponification 100% 


0.2 


9.9 


99% 




0.4 


7.7 7 


77% 




1 


7.6 


76% 




2.5- 


7.8 


78% 



(6) Purification of low molecular weiglit nucleic acid and higli molecular weight nucleic acidfrom nucleic acid mixture 

[0091] The aqueous solution containing 1 .3 kbp DNA and the aqueous Solution containing 48 kbp DNA which were 
used in the above (5) , were mixed together to prepare a mixture solution of a low. molecular weight nucleic acid and a 
40 high molecular weight nucleic acid. By using the obtained mixture, a nucleic acid was purified by ihe operation which 
Is same as that of the above (4) according to any one method of the following (ay to (c), 

(a) Collection with the adsorbing solid phase of 100% surface saponification rate and 0.2 jim pore size, 

(b) Collection with the adsorbing solid phase of 50% surface saponifkMtion rate and 0.2 iim pore size. 

4s (c) By using the liquid which passed through the adsorbing solid phase of 1 00% surface saponificatnn rate and 
2.6 jun pore size, collection was made with the solid phase same as the above desicribed (a). 

[0092] The collected liquid of the above (a) to (c) and the mixture soluQon before purification were subjected tb 
agarose electrophoresis, and photography was carried out. Fjg. 5 shows the result! As is clear fn»n the results of Fig, 
50 5, a nucleic acid haying a' desired size can be purified by selecting the saponification rate and pore size of the solid 
phase carrier. • ' . 

Industilal Appllcabllty 

55 [0093] By the method for separating and purifying a nucleic acid according to the present invention,, whidi uses a 
solid phase which is excellent in separation perfonnance, good in washir^ effwiency, easy in processing, and is capable 
of mass-production of those.having substantially same separation perfomrence, a nucleic acid having a predetermined 
length can be separated and purified from the nucleic acnd mixture conteiining nucleip acids having different lengths. 
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In addition, operations become easyf by using tl» unit for separation and purification of nucMelc acid whicti was describGd 
in the present speciflcaflon. 



Claims 



1 . A melliod for separating and purifying a nuclete acid having a predetermined length from a nucleic acid mixture, 
comprising a step, of: 

adsorbing and desoitolng a nucleic add in the nucleic acid mixture containing nucleic acids having different 
lengths to and from a solid phase of an organic macromolecule having a hydroxyl group on surface thereirf. 

2. The method according to claim 1 . wherein theorganic maerotnoleculs having a hydroxyl group on surface thereof 
is surface-saponified acetybeSulose. 

3. The metiiod according to claim 1 . wherein the organic macromolecule having a hydroxyl groups on surface thereof " ' 
I& surface-saponified triacetyicellulose. 

4. The method according to claim 2, wherein the surface-saponlflcation rate of acetylceltulose is 5% or higher. 

5. The niethod according to claim 2, wherein the eurface-saponificatlon iate of acetyloellufose is 1 0% or higher. 

6. The metiiod according to claim 2, vriierein aoefylesBulose is a porous film. 

7. The method according to claim 2, wherein acetylcslulose is a non^oraus film, 

8. The method according to claim 1 , wherein a porous film of a surface-saponified acetylcellulose is used ajs the solid 
phase, and a nucleic acid having a predetermined length is separated and purified by selecting a surfaee-sspon- 
ification ratis of acetylcellulose and a pore size of thB porous film. 

9. The method according to claim 8, wherein the surface-saponllcatlon rate of acetyicedulose te loto 1 00% and the 
pore size of ttie porous film Is 0.1 jim to 1 0 jim. 

10. The metho.d according to claim 2, wherein acetylcellulose is coated on beads. 

11 . The. method according to claim 1 , wherein the nucieic acid in a samp\e solution containing nucleic adds having 
different lengths is adsorlDed to and desorbed from the solid phase of organic macromolecule having a hydroxyl 
group on surface thereof . 

12. The method according to claim 11 , wherein the sample solution Is a solution prepared by adding a water-soluble 
organic solvent to a solution obtained by treating a cell- or yrus-contalning test sample with a riuoleic aoid-solu- 
bNizIng reagent, 

13. The method according to claim 12, wherein the nucleic acid-solubili2iflg reagent is a guanidine salt, a surfactant 

and a proteolytic enzyme. 

14. The methad according to claim 1 , comprising siBps of: 

adsorbing the nuclete add to the solid phase of the organic macromdecute having a hydroxyl group on surface 
thsrsof; 

waging the solid phase using a nuclelo acid-washing buffer; and 

desprbing tiie nucleic acid adsoibed to the solid phase by udng a liquid capable of desorbing the nucleb acid 
adsorised to the solid phase. 

15. The method according to claim 14, wherein the nucleic acid-washing buffer is a solution containing 20 to 100 % 
by weight of methanol, ethanol, isopropanot or n-propanol. 

16i TTie mettiod according to claim 14, wherein the liquid capable of desoHalng the nucleic acid adsorbed to the solid 
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phase is a solution having a salt concentration of 0. 5 M or lower. 

17. , The method according to claim 1 , wherein adsoiption and desorption of the nucleic acid is carried out tjy using 
an unit for separation and purification of nucteic add m which a container having at least iwo openings contains 
the solid phase of the organic macromolecule having a hydroxyl group on surface thereof. 

18. Tha method according to claim 1 , wherein adsorption and desorption of the nucleic acid is carried out by using an 
uriit for separation and purification of nucleic add which comprises (a) a solid phase of the orgwiic macromolecule 
having a hydroxyl group oh surface thereof, (b) a container hawng at least two openings and containing the solid 
phase, and (c) a pressure differenee-generjating apparatus connected to one opening of the container, 

19. The method according to claim 18, comprising steps of: 

(a) preparing a sample solution contasiing a nucleic acid by using a test sample and inserting one opening of 
an untt for separation and purification of nucleic acid Into said sample solution containing the nucleic acid; 

(b) sucking the sample solution containing the nucleic acid by making ah inside of the container in a reduced 
pressure condition by using the pressure dIfference-generaBng apparatus connected to the other opening of 
the unit for separation and purifioalion of nucleic acid, and contacting the sample solution to a solid phase of 
the organic macromolecula having a hydroxyl group on surface thereof; 

(c) niaking the inside of the container In a pressurized icondition by using the pressure difference-generating 
apparatus connected to tiie other opening of the unit for sep^tion arid purincation of nucleic acid, and dls- 
eharg&ig the sample solution containing the sucked nucleic acid to an outside of the container- 

(d) inserting one opening of the unitforseparation and purification of nudeic add Into the nucleic acid-washing 
buffer; ' . 

(e) sucking the nucleic acid-washing buffer by msdting the inside of the container in the reduced pressure 
condition by using the pressure dilferenoQ-genarating epparatus connected to the other opening of the unit 
for separation and purification of nucleic acid, and contactingthe nucteic acid^wa^ing faufferto the solid phase 
. of the organic macromolecule iiaving a hydroxyl group on surface thereof ; 

(f) malting the inside of the oontainer in the pressurized conditioii by using thepressure differenge-gonGratihg 
apparatus connected to the other opening of the unit for separation and purification o1 nudeic acid, and dis- 
charging the suclted nucleic acid-washing buffer to the outside of the contaiiier; . . 

(g) Inserting one opening of the unit for separation and purmcaiion of nucleic acid into the iquid capable of 
desorbing the nucteic acid adsorbed to the solid phase of the organic macromolecule having a hydroxyl group 
on surfacethereof; 

(h) making the inside of the container in tlie reduced pressure condition by using the pressure difference- 
generating apparatus connected to the other opening of the unit for separation and purificattDn of nucteic acid, 
and sucldng the liquid capable of desorbing the n ucleic acid adsorbed to the solid phase of the organic mac- 
romolecule having a hydroxyl groiip on surface thereof to contact the liquid to the solid phase; and 

(i) making the inside of the oontainer in the pressurized condition by using the pressure difference-generating 
apparahjs connected to the other operiing of the unit for separation and purification of nudeic acid, and dis- 
charging the liquid capable of desorbing the nudeic acid adsorbed to the solid phase of the organb macro- 
molGcule having a hydroxy! group on surface thereof to the outgrde of the container. 

20. The method according to claim 1 8, comprising steps of: 

(a) preparing a sample solution containing the lucleic acid using a test sample and Injecting said sampla 
solution containing the nucleic add into one opening of the unit tor separation and pijrification of nucleic acid; 

(b) makingthe inside of the container in the pressurized condition by using the pressure difference-generating 
apparatus connected to said one opening of the unit for separation and purification of nudeic acid, and dls- 
charg'Big the injected sample solution containing the nucleic acid from the other opening to contact the sample 
solution to the solid phase of the or^ianic macromolecule having a hydroxyl group on surface thereof; 

(c) injectHig the nucteic add-washing buffer into said one opening of the unit tor s^ration and purltlcalion of 
nucleic acid; 

(d) maWng the inside of the container in the pressurized condition fay using the pressure difference-generating 
apparatus connected to said one opening of the unit for separation and purification of nucleic acid, and dis- 
charging the injected nucleic acid-washing biifferfrom said other opening to contact the nucleic acid-washing 
buffer to the solid phase of the organb macromolecule having a hydroxyl group on surface thereof; 

(e) Injecting the liquid capable of desorbmg the nudek; acid adsorbed to the solid phase of the organic mac- 



14 



EP1382 676A1 



romolecule having a hydroxyl group on surface thereof Into said one opening of the unit for separation and 
purification of nucleic add; and 

(1) making the inside of the container in the pressurized condition by using the pressure tSfference-generating 
apparatus connected to said one opening of the unitforseparation and puiificallon of nucleic acid, and dis- 
ciiarging the liquid capable o1 desorbing the injected nucleic acid from said other opening, so as to desorb the 
nucleic acid adsorbed to the solid phase of the organic macromolecule having a hydroxy! group on surface 
tiiereof and discharge the nucleic acid to the outside of the container. 
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